We compared the Size 4 and 5 ProSeal™ laryngeal mask airway (PLMA™) in men and the Size 3 and 4, and 4 and 5 PLMA™ in women in terms of 1) ease of insertion, 2) oropharyngeal leak pressure (OLP), 3) ease of ventilation at a tidal volume of 10 mL/kg, 4) gas exchange, 5) location of gas leak, 6) anatomic position of the airway and drain tube, and 7) mucosal injury. Thirty male and 60 female (ASA physical status I-II; 18 -80 yr old) anesthetized, paralyzed patients were studied in a crossover fashion in three equal-sized groups. PLMA™ insertion was performed by a single experienced operator by using digital manipulation. In male patients comparing the Size 4 and 5, OLP was higher (P ϭ 0.0002) and leak fraction lower (P ϭ 0.03) for the Size 5, but the number of insertion attempts, insertion time, mucosal injury, anatomic position, gas exchange, and location of gas leak were similar. In female patients comparing the Size 4 and 5 PLMA™, OLP was higher for the Size 5 (P Ͻ 0.0001), but the number of insertion attempts was fewer (P ϭ 0.02), insertion time was quicker (P ϭ 0.02), and there was less mucosal injury (P ϭ 0.01) with the Size 4. There were no differences in anatomic position, gas exchange, or location of gas leak. In female patients comparing the Size 3 and 4 PLMA™, OLP was higher (P ϭ 0.0005) and leak fraction was lower (P ϭ 0.03) for the Size 4, but the number of insertion attempts, insertion time, mucosal injury, anatomic position, gas exchange, and location of gas leak were similar. There were no episodes of failed oxygenation, failed ventilation, or gastric insufflation. We conclude that if size is selected by sex, the Size 4 PLMA™ is preferable for women and the Size 5 PLMA™ for men.
4 and 5 PLMA™, OLP was higher for the Size 5 (P Ͻ 0.0001), but the number of insertion attempts was fewer (P ϭ 0.02), insertion time was quicker (P ϭ 0.02), and there was less mucosal injury (P ϭ 0.01) with the Size 4. There were no differences in anatomic position, gas exchange, or location of gas leak. In female patients comparing the Size 3 and 4 PLMA™, OLP was higher (P ϭ 0.0005) and leak fraction was lower (P ϭ 0.03) for the Size 4, but the number of insertion attempts, insertion time, mucosal injury, anatomic position, gas exchange, and location of gas leak were similar. There were no episodes of failed oxygenation, failed ventilation, or gastric insufflation. We conclude that if size is selected by sex, the Size 4 PLMA™ is preferable for women and the Size 5 PLMA™ for men. T he ProSeal™ laryngeal mask airway (PLMA™; Laryngeal Mask Co., Henley-on-Thames, UK) is a new laryngeal mask device with a modified cuff to improve the seal and a drain tube to provide a channel for regurgitated fluid, prevention of gastric insufflation, and insertion of a gastric tube (1) . The PLMA™ forms a more effective seal than the Classic laryngeal mask airway™ (Classic LMA™) (1-7) and isolates the respiratory tract from the gastrointestinal tract when correctly positioned (8 -11) . Size selection is clinically important when using the Classic LMA™; larger sizes provide a more effective seal (12) , but differences in design mean that these findings may not apply to the PLMA™. Sex is the most frequently used method of size selection in research and, probably, in clinical practice. In this randomized crossover trial, we compared the Size 4 and 5 PLMA™ in men and the Size 3 and 4, and 4 and 5 PLMA™ in women in terms of 1) ease of insertion, 2) oropharyngeal leak pressure (OLP), 3) ease of ventilation at a tidal volume of 10 mL/kg, 4) gas exchange, 5) location of gas leak, 6) anatomic position of the airway and drain tube, and 7) mucosal injury.
Methods
We studied 30 male and 60 female patients (ASA physical status I-II; 18 -80 yr old) undergoing peripheral surgery. Ethical committee approval and written, informed consent were obtained from all patients. Exclusion criteria were age Ͻ18 yr, known or predicted difficult airway, mouth opening Ͻ2.5 cm, body mass index Ͼ35 kg/m 2 , and risk of aspiration. All patients were fasted for at least 8 h and premedicated with diazepam 5 mg and roxatidine 75 mg 100 min before the induction of anesthesia. Mallampati score (13) and thyromental and sternomental distances were measured at the preanesthetic round. The ventilator and anesthesia circuit (Cicero EM™ Anesthesia Workstation; Draeger Medizintechnik GmbH, Luebeck, Germany) were tested for leaks before each use.
Anesthesia was induced with fentanyl 2 g/kg and propofol 2.5 mg/kg and maintained with sevoflurane 2%-3% in 30% oxygen and air. Neuromuscular blockade was achieved with vecuronium 0.1 mg/kg and maintained with 0.05 mg/kg boluses to keep the trainof-four count Ͻ1. All male patients (comparing the Size 4 and 5; Group M4/5) and half the female patients (comparing the Size 4 and 5; Group F4/5) had a Size 4 or 5 PLMA™ inserted in random order; the other half of the female patients (comparing the Size 3 and 4; Group F3/4) had the Size 3 or 4 PLMA™ inserted in random order. Randomization was achieved with computer-generated numbers. All insertions were by a single experienced PLMA™ user (SK; Ͼ100 uses), who used the index finger technique according to the manufacturer's instructions (14) . The introducer tool was not used. The cuff was inflated with air to an intracuff pressure of 60 cm H 2 O (14). The insertion time (from picking up the device to capnographic confirmation) and the number of insertion attempts (a failed attempt was defined as removal of the device from the oral cavity) were recorded.
Patients were ventilated for 15 min at the following settings: tidal volume, 10 mL/kg; respiratory rate, 10 breaths/min; and inspiratory/expiratory ratio, 1:1. Measurements were made before surgery with the patient in the supine position and the head resting on a pillow 7 cm thick. Tidal volume was measured by a constant-temperature hot-wire anemometer that was calibrated before each use. Airway pressure was measured by piezoresistive change of resistance in a membrane. Carbon dioxide and sevoflurane were sampled from the proximal end of the PLMA™ shaft and measured by an infrared multigas analyzer. The following data were measured and recorded by the PM 8060 anesthesia monitor on the Cicero EM™ every 30 s for the last 5 min, and the average reading was taken: peak airway pressure, inspired tidal volume, expired tidal volume, pulmonary compliance, oxygen saturation, end-tidal carbon dioxide, and heart rate. Leak fraction was calculated by subtracting expired from inspired tidal volume. Epigastric auscultation was performed to detect air entering the stomach (15) . Oropharyngeal leaks were detected by listening over the mouth (16) . Drain tube leaks were detected by placing a clear lubricant in the proximal 1 cm of the drain tube and noting whether bubbling occurred during ventilation (2) . Failed oxygenation and ventilation was defined as an inability to maintain oxygen saturation Ն95% at an inspired oxygen concentration of 30% and an inability to maintain end tidal carbon dioxide Յ45 mm Hg, respectively. When these measurements were complete, oropharyngeal seal pressure and fiberoptic position were determined. OLP was measured by closing the expiratory valve of the circle system at a fixed gas flow of 3 L/min and noting the airway pressure (maximum allowed, 40 cm H 2 O) at which equilibrium was reached (16) . The location (mouth, stomach, or drain tube) of any gas leak at OLP was determined by using the same methods as during positive pressure ventilation. The anatomic position of the airway tube was determined by passing a fiberoptic scope to a position just proximal to end of the airway tube and scoring the view (17) . The anatomic position of the drain tube was determined by passing a fiberoptic scope to the end of the drain tube. The view was catalogued as mucosa (mucosa blocking the end of the drainage tube), open upper esophageal sphincter (a clear view down the esophagus), and glottis (any glottic structure visible). The first PLMA™ was then removed, the alternative size was inserted, and data collection was repeated. After removal, the first PLMA™ was inspected for visible blood. Mucosal injury was defined as the detection of visible blood.
An unblinded observer collected the data. Sample size was based on a crossover pilot study of five patients and was selected to detect a projected difference of 33% in leak fraction at 10 mL/kg between the devices for a Type I error of 0.05 and a power of 0.9. The distribution of data was determined with Kolmogorov-Smirnov analysis (18) . Descriptive data were tested with paired Student's t-tests. Categorical data were tested by the 2 test. Significance was taken as P Ͻ 0.05.
Results
Patient characteristics are presented in Table 1 . There were no differences in patient characteristics between the female groups. In Group M4/5, OLP was higher (P ϭ 0.0002) and leak fraction lower (P ϭ 0.03) for the Size 5, but the number of insertion attempts, insertion time, mucosal injury, anatomic position, gas exchange, and location of gas leak were similar (Table 2 ). In Group F4/5, OLP was higher for the Size 5 (P Ͻ 0.0001), but the number of insertion attempts was fewer (P ϭ 0.02), insertion time was quicker (P ϭ 0.02), and there was less mucosal injury (P ϭ 0.01) with the Size 4. There were no differences in anatomic position, gas exchange, and location of gas leak. In Group F3/4, OLP was higher (P ϭ 0.0005) and leak fraction was lower (P ϭ 0.03) for the Size 4, but the number of insertion attempts, insertion time, mucosal injury, anatomic position, gas exchange, and location of gas leak were similar. There were no episodes of failed oxygenation, failed ventilation, or gastric insufflation.
Discussion
Insertion success was similar for the Size 4 and 5 in men and the Size 3 and 4 in women, but insertion was easier for the Size 4 than the Size 5 in women. Previous studies have failed to detect any difference in insertion success among sizes for the Classic LMA™ (19 -24) and Intubating LMA™ (25) . Insertion difficulty with the Size 5 in women was due to an inability to manipulate the cuff in the mouth and resistance at the back of the mouth. These difficulties might be overcome by using a bougie-guided insertion technique (26) .
OLP was higher for the Size 5 than the Size 4 in men and women. Similar findings have been reported for the Classic LMA™ in men (20, 22) and women (22) . However, one study found that OLP was similar for the Size 5 and the Size 4 Intubating LMA™ in men and women (25) . OLP was higher for the Size 4 than the Size 3 in women. Similar findings have been reported for the Classic LMA™ (20) and Intubating LMA™ (25) . OLP probably increases with size because the surface area for the pharynx/cuff interaction is larger and because the larger proximal cuff forms a more effective proximal pharyngeal plug. Leak fraction and leak volume were higher for the Size 4 than the Size 5 in men and for the Size 3 than the Size 4 in women. Leak fraction was similar for the Size 4 and 5 in women even though OLP was lower for the Size 4 because peak airway pressures were on average 11 cm H 2 O lower than OLP. Interestingly, despite the differences in OLP and leak fraction among sizes, there were no differences in gas exchange. Perhaps gas exchange would be better for the larger sizes in situations in which pulmonary compliance was increased, such as gross obesity and carboperitoneum. The increased leak with smaller sizes may have implications for operating room pollution.
Mucosal injury was similar for the Size 4 and 5 in men and for the Size 3 and 4 in women but was more frequent for the Size 5 than the Size 4 in women. Two groups have compared airway morbidity among sizes. Nott (27) found that the Size 3 Classic LMA™ (among Sizes 2.5, 3, and 4) in women or the Size 4 (among Sizes 3, 4, and 5) in men was associated with the least incidence of sore throat. Grady et al. (24) compared the frequency of airway morbidity of smaller (Size 4 in men; Size 3 in women) and larger (Size 5 in men; Size 4 in women) LMAs and found that larger LMAs were associated with an increased incidence of sore throat in both sexes and a more frequent incidence of dysarthria in male patients. One explanation is that larger masks exert higher mucosal pressures; however, Asai et al. (20) and Brimacombe and Keller (22) both found that mucosal pressures were uninfluenced by size. Another explanation is that larger masks cause more trauma during insertion. Our study lends support to the latter explanation, because insertion was more difficult and trauma more common with the Size 5 than the Size 4 in women.
The location of the gas leak was similar among sizes during OLP testing and positive pressure ventilation. This suggests that that the degree of isolation of the respiratory tract from the gastrointestinal tract was uninfluenced by size. The anatomic position was similar among sizes, suggesting that insertion of instrumentation into the respiratory and gastrointestinal tracts would be uninfluenced by size. It also suggests that the increased difficulty with placement for the Size 5 in women did not influence its final position.
Taking all of these variables into consideration, the Size 5 is better than the Size 4 for men, and the Size 4 is better than the Size 3 for women. In women, selecting a Size 4 or 5 is less clear-cut, because insertion is easier and mucosal injury less common for the Size 4, but OLP is higher for the Size 5. However, in patients with normal lung compliance, insertion success and mucosal injury are more important considerations than OLP, suggesting that, on balance, the Size 4 is better for women than the Size 5. Further studies are required to determine whether these sex-based recommendations are superior to the manufacturer's weight-based recommendations (14) .
Our study has a number of limitations. First, we did not assess the ease of insertion of a gastric tube or tracheal intubation. However, the anatomic positions were similar, and it is unlikely that there would have been any differences among sizes. Second, although we documented mucosal injury for the first device, we did not compare pharyngolaryngeal discomfort among devices. A large, noncrossover study is required to determine any differences, given the infrequent incidence of pharyngolaryngeal discomfort (5) . Third, we did not assess the frequency of the cuff protruding into the oropharynx. A possible disadvantage of larger sizes is that the proximal cuff may protrude into the oropharyngeal inlet and interfere with the surgical field (21, 28) . However, the ProSeal LMA™ is generally unsuitable for oropharyngeal surgery. Fourth, a single experienced user conducted all insertions, and our results may not be applicable to inexperienced users. We believe that our findings can be extrapolated to other experienced users because the success rates, insertion times, and OLPs were similar to data from other experienced users (2, 5, 6) . Fifth, all insertions used the digital manipulation technique, and our results may not be applicable to insertion with the introducer tool (5) or to bougie-guided (26) techniques. Sixth, our study was conducted in paralyzed patients, and our findings may be less applicable to the unparalyzed patient who is inadequately anesthetized. There is indirect evidence from mucosal pressure studies that pharyngeal muscle tone is similar in the paralyzed and unparalyzed patient (29) . Finally, the data were collected by an unblinded observer, a potential source of bias.
We conclude that if size is selected by sex, the Size 4 ProSeal™ is preferable for women and the Size 5 ProSeal™ for men.
